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SUMMARY 

Progresa  in  determing  mechanisms  of  procesaes  fundamental 
to  ehemllumineacence  ia  reported  with  particular  reference  to  (l)  studies 
of  oxalyl  peroxide  chemllianinesoenee  (2)  studies  of  nenr,  potentially 
useful,  eheniluminescent  reactions  related  to  oxalyl  peroxide  decom¬ 
positions,  and  (3)  synthesis  and  exploratory  studies  of  nev  potentially 
chemiluminescent  systems. 

Reaction  rates  and  quantum  yields  were  determined  as  a 
function  of  reactant  concentrations  for  the  oxalyl  chloride,  hydrogen 
peroxide,  fluoresoer  ohemilumineseent  reaction  with  the  three  fluoreseers 
9il0-dlphenylanthracane  (DPA),  perylene,  and  rubrene*  Quantum  yields 
increased  with  increasing  fluoresoer  concentration  and  vlth  increasing  hydrogen 
peroxide  concentrations*  The  relative  abilities  of  the  fluoreseers  to 
accept  excitation  energy  in  the  reaction  Increases  in  the  order  DPA  < 
perylene  <  rubrene*  Experiments  bearing  on  the  effect  of  water  on  the 
reaotlon  show  that  the  reaction  rate  and  quantum  yield  increase 
stsuitially  as  the  water  concentration  increases  up  to  a  limiting  value. 

Added  ethanol  also  Increases  the  rate  but  decreases  the  quantum  yield* 

The  mechanistic  significance  of  these  results  is  discussed* 

A  nev  chemiluminescent  reaction  was  found  in  the  decom¬ 
position  of  9-hydroxy-9-carboperoxy-10-methylacrldan,  prepared  In  situ 
from  9-ehlorocarbonyl-lO-methylacrldlnlum  chloride  and  hydrogen  peroxide. 

A  quantum  yield  of  about  l^t  has  been  obtained. 
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Other  new  chemiluminescent  reactions  are  reported  including 
reactions  of  mixed  oxalic  anhydrides  with  hydrogen  peroxide,  the  reaction 
of  oxalyl  chloride  with  oxalic  acid  dlbydrate,  and  the  reactions  of  alkaline 
hydrogen  peroxide  with  trlchloroacetyl  chloride  and  with  tetraeyaixoethylene. 


INTRODUCTION 


Einlssion  of  light  in  chemiluminescence  as  in  fluorescence 
results  from  the  transition  of  an  electron  from  an  energetic  antihondlng 
orbital  In  an  excited  molecule  to  a  stable  bonding  or  r^n-bonding  orbital 
(generally  the  former)  corresponding  to  the  ground  state  molecule.  Thus 
a  chemiluminescent  process  must  accomodate  the  formation  of  excited 
moiecuies  as  a  product  of  uhcSiliiol  rsactlsn.  T'.,-o  rciiuiremente  for  cheml- 
luminescence  are  Immediately  apparent:  (l)  the  reaction  must  liberate  an 
amount  of  chemical  energy  at  least  eq^tilvalent  to  the  energy  difference 
between  a  product  molecule  and  Its  excited  state  (1;1  to  72  KCAl/mole  for 
emlBsion  of  visible  light)  and  (S)  the  product  either  must  be  fluorescent 
Itself  or  be  capable  of  transferring  Its  excitation  energy  to  a  fluorescent  . 
compound  present  in  the  system.  Many,  If  not  most,  reactions  meeting 
these  requirements  do,  in  fact,  generate  a  low  level,  barely  discernible 
ehemllumlneseent  emission.  Moderately  bright  emission,  however,  is 
limited  to  a  very  few  reaction  systems.  Clearly  a  third  requirement 
exists  that  an  efficient  mechanistic  pathway  must  be  available  for  the 
conversion  of  chemical  energy  to  electronic  excitation  energy.  It  is 
also  clear  that  this  third  requirement  is  rarely  met. 

Determination  of  this  crucial  mechanism  for  generating  excited 
molecules  is  the  primary  goal  of  chemiluminescence  research.  Once  this 
mechanism  is  understood,  new  chemiluminescent  systems  can  be  designed 
having  the  efficiency  and  other  characteristics  necessary  for  practical 
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llghtlng.  Tvo  approaches  are  being  taken  to  achieve  an  understanding  of 
the  chemical  chemiluminescence  mechanism*  The  first  approach  (Section  l) 
Involves  direct  mechaniaa  etudles  of  several  knovn  chemiluminescent 
reactions.  The  second  approach  (Section  XI)  Involves  exploratory  studies 
of  new,  potentially  ohemllumlnsscent  reactions  designed  to  test  vorkltig 
hypotheses  regarding  the  chemiluminescence  mechanism  and  to  provide 
structural  criteria  for  chemiluminescent  compounds. 

To  avoid  excessive  repetition,  the  objectives  of  a 
particular  study  are  described  in  detail  only  in  the  report  where  the 
study  is  begun.  The  progress  of  a  spselflc  investigation  can  be  followed 
conveniently  over  periods  longer  than  a  single  guarter  by  referring  to 
the  Tables  of  Contents^*^*^*^^^*^. 
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SECTION  I 

REACTION  MECHANISMS  IN  CHEMILUMINE3CENCB 


Peroxide  Chemilumlaeseence 


Ox»lyI  peroxide  chemiluminescence  Is  Illustrated  by  the 


reaction  of  oxalyl  chloride  with  hydrogen  peroxide  in -an  organic  solvent 
containing  a  fluorescent  coinpound^^^'^'**^'^*^*’^. 


The  reaction  is  of  aubatantlal  interest  because  of  the 
Implied  energy  transfer  process  whereby  chemical  energy  released  by  the 
decomposition  of  peroxldle  intermediates  appears  as  singlet  excitation 
energy  in  the  fluorescent  comitound*  Moreover,  the  simplicity  of  the 
starting  materials  and  products  offers  opposrtunlty  for  detailed 
mechanistic  investigation  in  spite  of  the  now  evident  complexity  of 
the  reaction. 

An  adeiiuate  description  of  the  over-all  mechanism  retiuLres 
answering  fundamental  questions  dealing  with;  (l)  the  chemical  mechauilam 
of  the  process  involving  oxalyl  chloride  which  leads  to  generation  of 
electronic  excitation  energy,  and  (2)  the  mechanism  of  the  process  by 
which  the  energy  appears  as  the  singlet  excited  state  of  the  fluorescent 
acceptor.  Our  program  is  currently  investigating  both  of  these  areas. 


1.  Effects  of  Reactant  Concentrations  on  Reaction  Rates  and  Quantum 
Yields, _ _ _ 

In  previous  reports^^^  quantum  yields  and  reaction  rates 
have  heen  reported  for  a  number  of  ojcalyl  chloride,  hydrogen  peroxide, 
9jl0-dlphenylanthracene  (DPA)  experiments,  where  the  concentrations  of 
reactants  were  varied  over  substantial  rcmges.  I'he  conclusions  from 
this  study  were  summarized  in  the  last  report^,  where  we  also  reported 
difficulty  in  reproducing  the  absolute  magnitude  of  the  quantum  yield 
and  rate  values.  The  major  source  of  this  difficulty  now  appears  to  be 
the  purity  of  the  ether  used  ae  solvent  for  the  study.  We  find  that 
adequate  reproducibility  can  be  achieved,  however,  by  using  reagent-grade 
ether,  further  purified  by  passage  through  a  neutral  alumina  column. 

A  new  set  of  quantum  yield  and  rate  data  has  been  obtained 
for  a  series  of  chemiluminescent  reactions  with  DPA.  The  results  are 
summarized  In  Table  I,  and  agree  well  with  the  results  reported  for 
the  first  experimental  set^. 

Quantum  yield  and  reaction  rate  data  have  also  boon 
determined  for  chemllumlneecence  experiments  with  the  fluorescers 
perylene  and  rubrene  at  various  fluorescer  and  hydrogen  peroxide 
concentrations.  The  results  are  Bummarlzed  in  Tables  II  and  III.  The 
quantum  yield  results  are  qualitatively  the  same  i7lth  these  fluorescers 
as  for  experiments  with  DPA.  Thus  the  quantum  yield  increases  with 
increasing  fluorescer  concentration  and  ^rlth  increasing  hydrogen 


peroxide  concentration^ 
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Plots  of  quantum  yield  veraus  fluoreaeer  or  lydrogen  peroxide 
concentrations  are  not  linear  but  (as  required  on  mathematical  groxaids) 
show  that  in  each  case  a  limiting  quantum  yield  is  approached  at  the 
higher  concentrations.  Alternatively,  as  was  reported  earlier  for  DPA^, 
plots  of  the  reciprocal  of  the  quantum  yield  versus  the  reciprocal  of  the 
fluoreaeer  concentration  are  linear  (Figures  1  and  2).  As  in  experiments 
with  DPa5,  the  slopes  of  the  linen  uocrsass  with  increasing  hydrogen  peroxide 
concentration. 

The  relative  abilities  of  the  three  fluoreseers  to  accept 
excitation  energy  in  the  reaction  are  shown  graphically  in  Figure  3.  It 
is  seen  qualitatively  that  rubrene  is  substantially  better  able  than  pery- 
lene  to  accept  excitation  energy  and  that  peiiylene  is  a  more  efficient 
acceptor  than  CPA.  This  efficiency  order  is  the  same  as  the  order  of 
decreasing  singlet  excited  state  energy  levels  for  the  three  fluoreseers 
suggesting  a  possible  correlation.  The  efficiency  order  is  the  reverse 
of  the  order  of  the  fluorescent  yields. 

Attempts  to  determine  the  linearity  of  plots  of  the 
reciprocal  of  the  quantum  yield  against  the  I'eciprocal  of  the  hydrogen 
peroxide  concentration  are  complicated  by  the  decrease  in  hydrogen 
peroxide  concentration  during  a  reaction.  At  low  ratios  of  hydrogen 
peroxide  to  oxalyl  chloride  an  appreciable  fraction  of  the  hydrogen 
peroxide  lo  consumed  during  the  reaction  so  that  the  over-all  quantum 
yield  is  not  precisely  related  to  the  initial  hydrogen  peroxide  concen¬ 
tration.  This  effect  is  illustrated  by  the  right  hand  cui've  of  Figure  Ij-, 
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vhere  It  Is  seen  as  e/pected  that  the  greatest  deviation  fron  linearity 
occurs  at  the  lowest  hydrogen  peroxide  concentration.  Results  reported 
in  the  following  section^  as  well  as  results  reported  earlier^,  indicate^ 
however,  that  one  equivalent  of  hydrogen  peroxide  is  consumed  rapidly 
in  a  reaction  with  oxalyl  chloride  which  Is  sssentlally  coiqplete  before 
the  light  emission  process.  If  this  Is  correct,  the  relevant  hydrogen 
peroxide  concentration  for  quantum  yield  correlation  should  he  that 
concentration  remaining  following  the  rapid  1:1  reaction.  The  center 
line  In  Figure  1;  shows  the  result  of  making  this  correction.  Also  shown 
for  purposes  of  comparison  Is  a  plot  showing  a  marksd  isvlatlon  from 
linearity,  which  was  obtained  assuming  a  rapid  &;1  lydrogen  peroxlde- 
oxalyl  chlorids  reaction.'  Plots  corrected  for  a  rapid  1:1  reaction 
are  shown  for  varlo'us  fluorescor  eoncentratlona  of  the  three  fluorescers 
studied  In  Figures  6,  and  J. 

The  relationship  of  quantum  yield  to  fluorescor  anl 
hydrogen  peroxide  concentrations  shown  In  the  Figures  is  that  expected 
for  a  two-fold  branched  competitive  process.  The  data  is  currently 
being  analyzed  by  computer  to  permit  Its  comparison  with  several  possible 


mechanistic  models 
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FIGURE  1 

RELATIONSHIP  BETWEEN  QUANTUM  YIELD  AND  PERYLENE  CONCENTRATION 
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FIGURE  4 


EFFECT  OF  CORRECTING  INITIAL  HYDROGEN  PEROXIDE  CONCENTRATION 
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FIGURE  S 


RELATIONSHIP  BETWEEN  QUANTUM  YIELD  AND  H2O2  CONCENTRATION  FOR  DP  A  REACTIONS 


FIGURE  6 


RELATIONSHIP  BETWEEN  QUANTUM  YIELD  AND  HjOj  CONCENTRATION  FOR 
PERYLENE  EXPERIMENTS 
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FIGURE  7 

RELATIONSHIP  BETWEEN  QUANTUM  YIELD  AND  HjOj  CONCENTRATION  FOR 

RUBRENE  EXPERIMENTS 
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The  affect  of  Water  on  the  Reaction  Rates  and  Quantum  Ylaldn* 

The  effect  of  water  on  the  chemiluminesoent  reaction  ia 
Bhown  in  Table  IV.  Aa  seen  in  the  Table  oinall  coneentrationa  of  water 
have  relatively  little  effect  on  the  rate  or  quantum  yield.  At  higher 
oonoentratlonsf  howeverj  the  rate  IncreeaeB  almost  linearly  with  the 
water  concentratlaot  and  the  quantum  yield  IncreaaeB  to  a  maximum  value 

...a  4  /*«  4  4>  4 

au  «  WaUGX'  tJUAiUCUbXabXWll  UGCM  MW«hS^  bt«4M.i0*  WBBW 

High  water  concentrations  present  at  the  start  of  the 

reaction  might  be  expected  to  decrease  the  quantum  yield  by  a  direct 

0 

non-chemllumlneacent  reaction  between  water  and  oxedyl  chloride*” 

Cl-§-§-Cl  +  HfiO  - ►  C1-8-8-OH  HCl  +  CO  +  COg 

+ 

HCl 

This  effect  evidently  begins  to  appear  at  the  highest  water  concentration 
investigated  where  the  quantum  yield  begins  to  decrease*  At  intermediate 
water  concentrations,  however,  the  increase  In  quantum  yield  indicates 
that  water  is  poorly  able  to  compete  with  hydrogen  peroxide  for  oxalyl 
chloride  and  that  most  of  the  oxalyl  chloride  reacts  to  form  chloroperoxy- 
oxolic  acid. 

(1)  Cl-  §-§-Cl  +  HgOa  - ^  Cl- 


This  conclusion  la  consistent  with  the  greater  nucleophilic  reactivity 
of  hydrogen  peroxide  relative  to  water9. 
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TABLK  IV 

The  Effect  of  Veter  on  the  Reaction  Rate  and  CheinlltimlnescenQe  Quantum  Yield 
for  the  Qxalyl  Chlorlde>^drogen  Peroxide-Fluoraacer  Reaction  In  Ether 


■?“  ' 

Solutions* 

ri’’ 

HoO\conc. 

Pseudo  First  Order 

ChaollvBdnescence 

?•- 

(x  10*^  Hslar) 

Rate  Constant 

Quantum  Yield 

I;-, 

w 

2.24  X 

10-® 

3.09 

X  10"^ 

0.167 

2.30 

tl 

2.91 

n 

ii 

h 

0.333 

2.47 

tt 

3.46 

n 

tt. 

vf.: 

.1 

1.67 

3.82 

It 

5.06 

tt 

h 

UA-... 

2.5 

5.25 

It 

5.33 

II 

f-: 

^rT' 

3.33 

6.02 

It 

6.23 

II 

fr 

5.0 

11.10 

!l 

6.09 

II 

•t,; 

rij.. 


a  Reactant  concentrations:  9,10-dlpheii5rlanthracene  ■  0.75  x  10“^  M; 
[HgOg]  ■  0.8a  X  10"^  M;  [OxClfi]  »  2.35  x  10-3  M. 

h  HgO  added  and  mixed  with  reactants  prior  to  OxCla  injection. 
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The  alternative  possibility  that  chlorooxalio  acid  is  formed 
from  the  reaction  of  oxalyl  chloride  with  water  and  that  it  can  react 
with  hydrogen  peroxide  in  a  step  leading  to  chemiluminesoence  is  improbable 
under  the  conditions  investigated.  Since  the  reaction  of  water  with  ehloro- 
oxallc  acid  is  unable  to  contpete  with  the  unimolecular  decomposition  of 
chlorooxalio  acid  ^  hydrogen  peroxide  could  trap  chlorooxalio  acid  only 

4  4*  4  4m  ^  mm.m4.4mmm.  *.\mm.mm  mmm4»mmm  ^U4m  immmmm4^mmm 

*,*  MV  Ma  a  uwa  4itWA  O  aqbwwavq  NcawcA  •  wsaab 

reactivity  of  hydrogen  peroxide  is  almost  certainly  real  under  the  conditions 
studied,  its  acceptance  leads  to  xhe  same  conclusion  that  water  is  also 
unable  to  compete  with  hydrogen  peroxide  in  the  first  step  and  that  chloro- 
oxallc  acid  is  not  formed  at  low  water  concentrations. 

Since  reaction  of  water  with  oxalyl  chloride  would  neoesaarlly 
decrease  the  quantum  yield,  the  action  of  water  must  occur  at  a  later  reaction 
step.  Moreover,  this  later  step  would  appear  to  be  a  rate  determining 
process  as  indicated  by  the  increase  in  reaction  rate  with  Increasing  water 
concentration.  Thus,  reaction  (l)  Is  apparently  not  rate -determining  and  is 
substantially  faster  than  the  over-all  reaction  rate,  a  conclusion  con¬ 
sistent  with  earlier  results^.  Confirmatory  experiments  are  being 
carried  out. 

The  effect  of  added  water  must  also  be  reconciled  \d.th  the 
observation  that  substantial  light  intensities  are  produced  in  the  absence 
of  added  water.  This  latter  result,  however,  does  not  necessarily  indicate 
an  alternative  chemiluminescent  pathway  operating  exclusive  of  water. 


-22- 


Low  but  finite  water  concentrations  are  probably  present  In  any  case  In 
the  hydrogen  peroxide  solutions.  Moreover;  water  la  a  possible  product 
of  the  oxalyl  chloride-hydrogen  peroxide  reaction.  Indeed  the  effect  of 
added  water  on  reaction  rate  and  quantian  yield  is  of  the  sane  character 
as  the  effect  of  added  hydrogen  peroxide.  The  possibility  that  Increasing 
iiydi-ugon  poroxids  acts  to  increase  the  miantum  yield  by  increasing  the 
steady  state  concentration  of  water  Is  being  Investigated, 

The  effect  of  added  water  at  various  tines  after  the 
start  of  a  chemiluminescent  reaction  is  shown  in  Table  V.  It  Is  seen 
that  under  the  conditions  studied  the  ability  of  water  to  Increase 
intensity,  rate  and  quantum  yield  Is  independent  of  the  time  of  water 
addition.  This  result  indicates  that  the  concentration  of  the  key 
chemiluminescent  intermediate  deereaeas  with  time  at  the  aaaa  rate  as 
the  Intensity  decays,  and  that  the  Intensity  is  directly  proportional 
to  its  concentration.  A  typical  Intensity  decay  plot  showing  the  effect 
of  added  water  Is  shown  in  Figure  8, 


LOG  iHTEMsrrr  (arbitrary  imiTS) 
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FIGURE  8 

TYPICAL  DECAY  CURVE  SHOWING  THE  EFFECT  OF  WATER  ON 
THE  CHEMILUMINESCENCE  OF  THE  'Ox  Cl:  -  H2O3  -  FLOURESCER" REACTION 
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The  Effect  of  Ethyl  Alcohol  on  the  Reaction  Rate  and  Quantum  Ylald 

The  effect  of  added  ethyl  alcohol  on  the  ohemlluolnescent 
reaction  la  shown  in  Tables  VI  and  VIIi  It  is  seen  that  ethyl  alcohol 
Increases  the  reaction  rate  but  decreases  the  quantum  yields  The  result 
indicates  that  alcohol  reacts  analogously  with  water  with  a  Key  Inter¬ 
mediate  in  the  chemiluminescent  reaction  to  produce  a  non-chemllumlnescent 
prod\ict.  The  result  is  consistent  with  our  earlier  observation-'  that  ethyl 
peroxyoxalate  does  not  undergo  chenii].umlnescent  reaction  imder  the  conditions 
studied i 

Effect  of  Free  Radical  Inhibitors  and  Organoperoxides 

The  effect  of  added  tetralin  hydroperoxide  on  the  chenl- 
lumlnescent  reaction  is  shown  in  Table  VIIX.  Even  at  concentrations 
equivalent  to  the  hydrogen  peroxide  concentration  no  effect  is  detectablo« 
Tetralin  hydroperoxide  and  oxalyl  chloride  give  very  little  ehemiluffllneacence 
xinder  these  conditions  in  the  absence  of  hydrogen  peroxide • 

The  effect  of  the  free  radical  Inhibitor  2,6-di-t-butyl- 
U-methylphenol  on  the  chemiluminescent  reaction  is  also  indicated  in 
Table  VIII.  There  is  no  observable  effect  on  the  reaction  rate,  but 
the  quantum  yield  is  drastically  reduced.  The  decrease  in  quantum  yield 
far  exceeds  the  decrease  in  quantum  yield  produced  by  ethyl  alcohol  under 
comparable  conditions.  This  compeo'lson,  as  well  as  the  absence  of  a  rate 
effect,  substantially  eliminates  the  possibility  that  the  phenol  reduces 
the  quantum  yield  by  competing  with  water  or  hydrogen  peroxide  in  an  ionic 
process.  The  phenolic  inhibitor  was  found  to  have  little  effect  on  the 
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fluorescence  quantum  yield  of  DPA  at  the  concentrations  used  shoving  that 
the  reduction  In  cheml luminescence  quantum  yield  did  not  result  from 
fluorescence  quenching.  The  absence  of  a  rate  effect  indicates  that  the 
hulk  of  the  reaction  Is  not  a  free  radical  chain  process.  The  decrease 
in  quantum  yleldi  hovever,  suggests  that  the  snail  fraction  of  the  total 
reaction  (0.5#  vlth  ruhrene  under  the  conditions  studied)  that  generates 
light  may  he  a  free  radical  chain  process.  Mdltlonsl  experioMnta  are 

planaed.  . 

Oorreetioa 

In  Technical  Beport  Ro.  on  pages  8  and  9,  the  legend 

along  the  loft  sides  of  the  graphs  should  he  corrected  to  read: 

1/Q.Y.  (x  10''*). 
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section  I 
EXPERINENTAL 


Quantum  yield  and  rate  determinations  for  oxalyl  chloride - 
hydrogen  peroxide-fluorescer  experiments  were  carried  out  as  previously 
dasorlhedS  .  Reactant  solutions  were  prepared  in  reagent  grade  ether 
which  had  been  passed  through  a  2,0  cm,  x  33  cm,  neutral  alunlna  colums. 

New  Technique  for  Handling  Fast  Reactions 

It  la  necessary  to  thoroughly  mix  the  reactants  in  any 
chemiluminescent  system  to  produce  homogeneous  emission  of  light  for 
quantitative  measurement.  We  have  until  now  mixed  the  solutions  prior 
to  placing  them  In  the  spectrometrlc  apparatus^  but  this  time  consuming 
process  prevented  the  recording  of  the  first  8  seconds  of  the  reaction  , 

In  very  fast  reactions  this  time  can  amount  to  one  half-life  or  mord  and 
therefore  the  technique  described  below  was  developed  for  fast  mixing  of 
the  reactants  and  recording  of  their  emission  from  the  start  of  the  reaction. 
The  ability  to  continue  mixing  throughout  a  run  without  Interfering  with 
the  recording  of  the  data  is  also  useful  where  gas  evolution  occurs  or 
where  precipitates  form. 

The  cell  dimensions  are  3  cm.  diameter  by  1  cm,  thleknesa 
and  It  was  found  possible  to  use  a  micro -magnetic  stirrer  in  conjunction 
with  a  stirrer-hot  plate  placed  vertically  behind  the  cell  to  get  excellent 
mixing.  The  magnet  kept  the  stirrer  away  from  the  front  surface  of  the 
cell  and  thereby  eliminated  emy  Interference  to  the  neasurementB, 

Experiments  carried  out  by  this  technique  have  given 
essentially  Identical  re8u3.t8  to  those  obtained  by  the  earlier  method. 

Effect  of  Water  on  the  Qxalyl  Chloride,  Hydrogen  Peroxide  and  Pluorescer 
Reaction  In  Ether  Solutions 


Two  sets  of  reactions  involving  water  were  carried  out: 

(1)  where  known,  varying  quantities  of  water  were  added  prior  to  the 
addition  of  oxalyl  chloride  and  (2)  where  a  constant  concentration  of 
water  was  added  at  varying  times  after  the  start  of  the  reaction. 

The  technique  involved  the  use  of  the  magnetic  stirrer 
described  above  to  enable  rapid  mixing  where  the  water  was  added  during 
the  emission. 
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1.  Appropriate  aliquots  of  the  stock  solution  of  water 

in  ether  were  pipetted  into  the  cixvette  after  the  aliquots  containing  DPA 
and  HgOs  had  been  eidded.  After  mixing,  the  cuvette  was  placed  In  position 
and  the  magnetic  stirrer  started.  Oxaiyl  chloride  was  Injected  and  the 
data  recorded.  Table  IV  summarizes  the  results. 

2.  OFA  and  HgOa  solutions  and  ether  were  pipetted  into  the 

cuvette.  The  magnetic  stirrer  was  started  and,  with  the  recorder  running, 
oxalyl  chloride  was  injected.  After  20  seconds,  an  ethere.  water  solution 
was  injected  and  the  decay  curve  was  coiqpleted.  This  ej^rlment  was 
repeated  with  identical  concentrations  with  the  water  injection  occurring 
cu  xi&Q  ..xbCLiiVi.  oTS  Sini.iiRriZSd  in  Tshlc  V. 

The  quantum  yield  moasurements  headed  "without  water"  in 
Table  V  were  calculated  in  each  experiment  from  the  observed  initial 
intensity  and  the  observed  pseudo  first  order  rate  constant  obtained  prior 
to  water  injection. 

The  quantum  yield  values  in  Table  V  for  water  addition 
were  calculated  from  the  following  equation: 


vhere  i*  the  calculated  overall  quantum  yield  In  the  presence  of 
water,  QP“  is  the  portion  of  the  total  quantum  yield  obsezved  following 
the  time  of  water  addition  but  in  the  absence  of  water,  Qy®  is  the  portion 
of  the  total  quantum  yield  observed  following  actual  water  addition,  and 
is  the  total  quantum  yield  in  the  absence  of  water.  This  formula 
assumes  that  the  quantum  yield  is  directly  proportional  to  the  amount  of 
a  key  chemiluminescent  Intermediate  present  at  any  given  time.  The 
constancy  of  the  quantum  yield  values  reported  in  Table  V  verifies  this 
assumption. 
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SECTION  n 

STRUCTURAL  CRITERIA  FOR  CHEMI LUMINESCE W?  COMTOUNDS 

PART  A 

Relatlonahtp  of  Peroxides  to  ChemllumlneBcenco 

While  chemllumlneBeenoB  ia  ohaerved  during  oxidations  of 
a  variety  of  apparently  unrelated  organic  compounds,  with  the  exception 

1,  r- 

of  electron  transfer  lianlneacence’’'''  appreciable  emlsalon  has  been 
observed  principally  from  oxidatlona  involving  oxygen  or  hydrogen 
peroxide.  The  action  of  oj^rgen  or  hydrogen  peroxide  In  chemllumljjeBcence 
neema  beat  explained  In  tensa  of  the  foi-natton  of  Gsaentlal  peroxidlc 
Intermediates^,  ibrecedlng  reports^  described  in  detail  the  evidence . 
leading  to  this  coneluaion.  In  an  effort  to  eatabllah  detailed  criteria 
bearing  on  the  relationship  of  peroxide  structure  to  cheffllluminesccnce 
efficiency,  attempts  have  been  made  to  synthesiae  several  types  of 
pcroxldco  predicted  on  the  basis  of  supplementary  hypotheses  to  exhibit 
chemllumlnoncont  decomposition. 

1 .  Peroxides  Based  on  the  Acridine  Syetem 
Previous  reports'* have  described  efforts  to  prepare 
9-cartaoxy-lO-methylacridinlum  chloride  (l)  and  9-chloroearbonyl-lO- 
methylacricUnium  chloride  (III),  wanted  as  precursors  to  9-carboxy-9- 
hydroperoxy-lO-methylacrldan  (ll)  and  9-carboperoxy-9-hydro}or-10-methylacridan 
(V). '.'I'.ilc  the  structures  of  peroxides  II  and  V  differ  substantially  it  was 
consldcrc.'!  possible  that  both  might  generate  chemiluminescence  on  doconposltlon 
by  u  coneerted  multiple  bond  cleavage  mechanism. 
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IV 


V 


Preparation  of  I  vaa  deacri'bed  In  the  preceding  report^.  A  satisfactory 
analysis  has  now  been  obtained.  Reaction  of  I  with  thlonyl  chloride  has 
now  provided  III  in  quantitative  yield.  We  find  that  reaction  of  I  with 
alkaline  hydrogen  peroxide  le  not  chemiluminescent,  but  that  reaction 
of  III  with  aqueous  hydrogen  peroxide  provides  a  moderately  strong  chemi¬ 
luminescent  emission.  Tlie  chemistry  of  acridines  I  and  ITI  is  now  under 
investigation.  The  currently  available  information  is  summarized  below. 
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9-CarbQxy-lQ-inethylacridlnlum  Chloride  (l) 

Acrldlnlcjm  salt  I  la  readily  soluble  In  vater  giving  a 
yellov  solution.  Addition  of  dilute  aqueous  sodium  hydroxide  rapidly 
(30  seconds)  decolorizes  the  solution  Indicating  the  formation  of  the 
pseulohaae  VI.  Addition  of  aqueous  hydrogen  peroxide  hae  no  Immediate 
effect,  but  after  about  5  minutes,  a  yellow  precipitate  of  10-methyl- 
aorldone  (VIII)  begins  to  appear.  Altematlvely,  addition  of  dilute 

aqueous  sodium  hydroxide  to  an  aqueous  solution  of  I  and  hydrogen  peroxide 

results  in  the  Immediate  separation  of  VIII.  Even  at  a  pH  of  reaction 

of  I  with  hydrogen  peroxide  gives  VIII  quantitatively  within  a  two  hour 

period.  Reactions  A,  B,  and  D  are  evidently  fast  while  reaction  C  la  ' 

relatively  slow.  Light  emission  from  I  was  not  observed  in  any  of  the 

experiments. 

i 

j 


1 1  'V 

0  HOO  CONa 

VIII  VTI 
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9-Chlorocar^onyl-10-inethylacrlcU.n3,um  Chloride  (ill) 

Reaction  of  acridinlum  salt  III  \rlth  hyiirogen  peroxide  in 
water  or  aqueoua  1,2-aimethoxyethane  provides  chemiluminescent  eralaslon. 
The  overall  reaction  la  strongly  pH  dependant  with  the  intensity  of 
emission  euid  the  reaction  rate  Increasing  with  Increasing  alkalinity. 

In  solutions  of  pH  1-2  the  intensity  la  weak,  but  lifetimes  con  exceed 
one  hourj  in  solutions  of  pH  3-I1.  the  intensity  is  medium  to  strong  with 
lifetimes  on  the  order  of  10  to  20  minutes.  In  neutral  or  alkaline 
solutions  the  emission  Is  seen  as  a  bright  flash.  In  very  dilute, 
acid  solutions,  quantum  yields  near  1^  have  been  obtained,  but  other 
prellminaiy  results  Indicate  that  the  efficiency  decreases  as  the  con¬ 
centration  of  III  increases.  The  results  are  consistent  with  the  following 
processes. 


VIII 


^  LIGHT 
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fjtep  A  is  evidently  slow  as  Indicated  by  a  reaction  of  0.l6 
molar  III  and  I.3  molar  liydrogen  peroxide  in  anhydrous  1,2-dlmethoxyethane 
where  the  rate  of  disappearance  of  III  was  followed  by  infra-red  analysis 
at  1780  and  1770  cm."^.  About  20  minutes  was  required  at  room  temperature 
for  the  concentration  of  III  to  decrease  by  one-half.  (The  kinetics 
were  complicated  by  the  appearance  of  a  slgnifloMt  amount  of  water  and  by 
a  change  of  pH  as  the  reaction  proceeded.  A  good  first  order  plot  was 
not  obtained.)  Step  A,  however,  may  proceed  by  an  3nl  mechanism,  as  does 
the  hydrolysis  of  mesltoyl  chloride^®,  since  added  sodlun  chloride  reduces 
the  rate  (and  chemllumlneacenee  Intensity)  while  added  sodium  sulfate 
has  little  effect. 

Equilibrium  B  is  indicated  by  the  foU.owlng  observations: 

(a)  Water  (or  hydroxide  Ion)  is  required  for  appreciable 
chemlluminesoence.  Moreover,  solutions  prepared  from  III  and  hydrogen 
peroxide  in  tetrahydrofuran  or  1,2-diinethoxyethane  can  be  stored  up  to 
several  hours  before  generation  of  chsmilumlnescence  by  the  addition  of 
water. 

(b)  The  overall  reaction  rate  aM  chemllumlnescenee 
intensity  is  strongly  pH  dependent.  A  brightly  glowing  reaction  at  pH  3 
in  aqueous  solutions  con  be  essentially  extinguished  by  the  addition  of 
dilute  sulfuric  acid.  With  the  addition  of  base,  chemllumlneacenee 


reappears 
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(c)  Replacement  of  hydrogen  pero5d.de  with  t-butylhydro- 
perosdde  does  not  interfere  with  chemllumlneoeent  eolaalon  \uider  alkaline 
oonditlona.  Thue  Ionization  of  pesraeld  IV  ia  not  required  for  chemilumines¬ 
cence. 

Stop  C  Is  Indicated  by  the  formation  of  10-methylaerldone 
which  has  been  obtained  In  52^  yield  from  the  chemiluminescent  reaction* 
Attempts  to  prepare  stable  analogs  of  IV  and  V  have  thus  tar  been  unsuccessful* 
Two  attempts  to  prepare  the  t-butyl  ester  of  IV  gave  only  10-methylacridone 
(VIII).  An  attempt  to  prepare  the  t-butyl  ester  of  9-carboperoxy-9-metho5{y- 
10-methylaeridone  by  combining  III  with  t-butyl  hydroperoxide  followed, 
after  30  minutes,  by  reaction  with  sodium  methoxlde  and  methanol  gave 
9"carbomethoxy-9-metho5y-10-methylaerldan  In  55^  yield. 


cr 


,Ct 


Bu^OOH 


C5H5N  '' 


NBOCH3 


CHs 


(i»o 


OOBu^ 


CH3O  CaO 
6CH3 
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In  other  chentilumlneacence  experiments  it  was  found  that 
a  reasonably  stable  solid  mixture  of  III  and  sodium  perborate  can  be 
prepared  and  that  this  can  be  used  to  generate  chefflllumlneaoence  on 
demand  by  addition  to  water.  It  was  also  found  tiiat  a  solution  of  III 
and  5  molar  hydrogen  peroxide  In  dimethylphthalate  whsn  combined  with 
water  generated  chemi luminescence  at  the  Interfacei  and  that  expended 
lifetimes  could  be  obtained  depending  on  the  degree  of  agitation. 

{^drolysla  of  111,  like  the  reaction  vrlth  hydrogen  peroxide, 
occurs  only  slowly  in  acidic  solutions.  A  solution  of  S.8  x  10"  molar 
III  In  water  after  standing  one  hour  still  generated  strong  emission  on 
treatment  with  hydrogen  peroxide.  After  90  minutes  the  enission  was 
weak.  Moreover,  hydrolysis  does  not  proceed  stralghtforwardiy  to  acid 
I,  but  rather  gives  a  mixture  of  I  and  10-methylacridone  (VIII)  along  with 
carbon  monoxide. 


HCl 
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Carton  monoxide  has  "been  obtained  in  37^  yield  along  vlth  a  57^  yield  of 
VIII.  Since  I  is  stable  (as  the  pseudobase  VI)  In  alkaline  solution,  the 
formation  of  VIII  and  carbon  monoxide  from  hydrolysis  of  III  la  best 
accounted  for  In  terns  of  the  intermediate  pseudobase  IX.  Indeed,  the 
formation  of  VIII  from  hydrolysis  of  III  supports  the  ooncept  of  pseudo- 
base  V  as  an  intermediate  In  the  chemiluminescent  reaction  of  ..III  with 
aqueous  peroxide. 

The  chemistry  and  chemiluminescent  properties  of  III  are 
being  studied  further. 

9~Cyano-9-hydroxy-lQ-methylacrldan.  -  In  the  prefvious 
report  we  described  isolation  of  a  compound  from  reaction  of  9-cyano- 
lO-methylaerldlnium  blsulfate  with  sodium  hydroxide  In  ethanol,  and, 
pending  analysis,  tentatively  described  the  product  as  the  expected 
hydroxy  aerldan.  Analyses  of  the  material,  now  In  hand,  make  this 
assignment  highly  dubious.  The  structure  of  the  material  must,  for  the 
present,  be  considered  unknown. 


SECTION  IIA 


EXPERIMENTAL 


lQ-Metbylaerldlnlua-9-cftrbo;ylate 

The  preparation  of  this  coopoiuad  was  reported  previously^. 
After  drying  the  solid  vaow  for  72  hours  at  100*  in  an  Abderhalden 
pistol  with  KOR^  an  analysis  vas  obtained  for  tne  zvltterlonlc  form  of 
the  product. 


'I5“ll‘’''s- 


f%  ne  *»  •  T* 


tt  iSn*. 
-fsWf  , 


Pound!  C,  76.88}  H,  4.79;  h  6.14. 


Reactions  of  9-Carboxy-lQ-aethylaorldlnlua  Chloride  vlth  l^ydrogen  Peroxide 

The  compound  does  not  produce  light  when  treated  with 
alkaline  hydrogen  peroxide.  A  yellow  solution  of  10  mg.  of  9-oarboxy- 
lO-methylacridlnlum  chloride  in  1  ml.  of  30^  hydrogen  peroxide  was  treated 
with  1  ml.  of  sodium  hydroxide.  A  yellow  solid  separated  Imoiedlately) 
followed  by  extensive  gas  evolution.  Water  vas  added  to  facilitate  cen¬ 
trifuging  the  mixture.  The  solid  was  collected^  washed  with  water «  and 
dried.  An  infrared  spectrum  Identified  the  product  as  lO-methylaerldone. 


In  a  second  experiment  the’  yellow  solution  of  10  mg.  of 
9*carboxy-10-inethylaoridlniuffl  chloride  in  1  ml.  of  water  vas  treated 
with  1  ml.  of  3$  sodium  hydroxide.  After  10-80  seconds  the  solution 
became  colorless.  When  there  was  no  precipitate  after  10  mlnutesi  8  ml. 
of  30^  hydrogen  peroxide  were  added  to  the  solution.  There  vas  no 
chemiluminescence  and  no  precipitate.  After  ^  minutes,  a  precipitate 
began  to  form  and  gas  evolution  vas  observed. 

In  a  third  experiment,  a  solution  of  0.87  g*  (l  millimole} 
of  9*carboxy-10-nethylacrldinium  chloride  In  100  ml.  of  a  pR  5.8  potassium 
acid  phthalste  buffer  containing  ten  velght  per  cent  hydrogen  peroxide 
vas  prepared.  After  standing  8  to  3  minutes  a  precipitate  began  to  form. 
The  reaction  vas  alloved  to  continue  for  tvo  hours  after  vhlch  time  the 
precipitate  was  collected,  dried  and  weighed  to  obtains  0.19  g.  (911^) 
of  lO-methyl-9-aorldanone  as  identified  by  eomparioon  of  Its  ER  spectrum 
vlth  that  of  an  authentic  sample. 


-42- 


9-Chlorocartoonyl-lO-inethylaerldlniun  Chloride 

In  a  100  ml.  flaaki  5*0  g.  (O.OI83  mole)  of  9-eaxboxy-lO- 
metliylacridlnlum  chloride  vas  refluxed  with  30  nd.  of  thlonyl  chloride 
for  a  6  hour  period.  Ihe  crude  product  was  obtained  by  adding  boiling 
hexane  to  the  refluxing  solution  until  the  solution  beeaata  cloudy.  1%e 
yellow  product  precipitated  rapidly  on  cooling.  This  yellow  solid  was 
then  dissolved  In  30  nl*  of  boiling  thlonyl  chloride  and  again  boiling 
hexane  vaa  added  to  the  cloud  point  to  precipitate  the  product.  Infra¬ 
red  spectral  analysis  indicated  that  the  product  at  this  atage  vaa 
obtained  as  the  80^0 1 0  salt.  The  compound  was  therefore  heated  for 
24  hours  at  100 ‘C  In  the  Abderhalden  drying  pistol  over  KOH  to  yield 
.  the  Chloride  salt. 


R,  4.aoj 
R,  4.66) 


Obtained  5.3  g.  (100^  based  on  starting  acid) 

Anal,  Calcd.  for  CijH^^ROCls  C,  6l.66j  E,  3.8O; 

Cl,  24.27. 

Pound:.  C,  62.14)  H,  3>93} 

CL,  24.06, 


The  infM-red  apeotrum  after  drying  was  in  agreement 
with  the  assigned  structure. 

Chenllualnesoent  Rcaetlona  of  9'‘Cblorocazboayl*10-Betfcylaarldlnlua 
Chloride  ■  ~ 


A.  Bffeet  of  Water  Dilution  -  A  solution  of  0.1  g.  of 
9-ohlorooarboayl-lO-methylaarldlDlvai  chloride  (ill)  in  10  ml.  of  lOft 
aqueoue  hydrogen  peroxide  emitted  a  weak  green  light.  This  solution 
was  then  diluted^  in  the  dark,  with  tap  water  until  the  emlseion  vae 
estimated  to  be  at  Its  maximum.  The  maxlovn  emlsBlon  occurred  after 
3  liters  of  water  had  been  added.  Additional  water  decreased  the 
Intenaity.  During  this  dilution  the  color  of  the  emlseion  changed 
from  green  to  blue,  heeoming  a  brilliant  blue  at  the  maximum. 

B.  Reaction  with  Solid  Perhydrates  -  A  mixture  of 

50  mg.  of  9-ehlorocarbonyl-10-)BethylacrldlalxaB  chloride  (III)  and  50  ag. 
of  sodium  perborate  (or  sodium  pyrophosphate  peroxide)  produced,  strong 
light  emission  when  added  to  1  liter  of  water. 

C.  pH  Effect  -  A  Beckman  pH  meter  was  used  to  study 
the  course  of  the  ehemiluminescent  reaction  of  9-chlorocarbonyl-lO- 
methylacrldlnium  chloride,  aqueous  hydrogen  peroxide  and  water 
(tap  and  distilled)* 
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1.  The  suidition  of  about  0.05  g*  of  III  to  5  3C^ 

hydrogen  peroxide  dropped  the  pH  to  1.9*  Distilled  water  (pH  6.6)  was 
added  slowly  to  a  maucinum  emission  at  pH  2.9*  Excess  water  raised  the 
pH  to  3.4  but  decreased  the  Intensity.  The  addition  of  pH  6.86  buffer 
solution  (prepared  from  Beckman  Buffer  #22331)  brightened  the  emission 
to  a  new  maximum  at  pH  5>3« 

2.  On  the  addition  of  about  0.05  g>  of  III  to  5  ml.  of 
30^1  peroxide  (pH  2.5)  the  pH  fell  to  1.5«  vater,  pH  7*4,  was  added 
until  pH  was  2.85.  As  the  chemiluminescent  reaction  progressed>  the  pH 
dropped  gradually «  then  steadied  after  20  minutes  at  pH  2.45.  Additional 
watsi*  brightened  the  emission  to  ?.  mexlnHim  at  pH  4.7.  Ebceeaa  water 
caused  the  light  to  fade  at  pH  5<i< 

D.  Effect  of  Acid  on  Reaction  -  A  solution  of  about 
0.05  g-  of  III  in  5  ml.  of  30^  hydrogen  peroxide  vaa  diluted  with  25  ml. 
0.1  N  hydrochloric  acid,  ^ero  waa  no  detectable  light  emission,  nie 
addition  of  25  ml.  0.1  N  sodivmt  hydroxide  gave  a  rapid,  intense  diffused 
emission. 


^  A  similar  experiment  using  .0. 001  H  hydroehlortc  acid 
resulted  in  a  weak  emission  of  light.  A  pH  4.01  buffer  solution  then 
produced  a  steady  bright  emission.  The  addition  of  pH  6.86  buffer 
solution  gave  a  very  bright,  relatively  brief  light. 

The  ohemiluffllneBcent  reaction  was  also  quenched  by  the 
addition  of  6N  sulfuric  acid  and  revived  with  50^  sodium  hydroxide. 

E.  Salt  Effect  -  Three  slnml.taneous  ohemlluminescent 
reactions  were  run  by  diluting  a  solution  of  0.15  g.  of  9'‘ehloroearboi]yl- 
lO-metbylaorldlnium  chloride  (III)  in  3  ml.  of  30^  hydrogen  peroxide 
with  500  ml.  of  pH  4.01  buffer  (prepared  from  Beckman  Buffer  #14054) 
solution.  One  of  the  buffer  solutions  also  contained  29.2  g.  (0.5  mole) 
of  sodium  chloride  (ionic  strength:  1  >1);  the  second  buffer  solution 
contained  47.3  g.  (0.33  mole)  sodium  sulfate  (ionic  strength:  l>i)jthe 
third  solution  contained  only  the  buffer.  Tne  reaction  with  buffer  alone 
was  the  brightest  and  longest.  The  sodium  sulfate  reaction  was  substan¬ 
tially  brighter  and  longer  lived  than  the  sodium  chloride. 

F.  Other  Reactions  -  A  solution  of  III  in  5  M  hydrogen 
peroxide -dlinethylphtHalate  was  allowed  to  stand  for  30  minutes.  VJater 
waa  then  added  and  light  was  observed  at  the  interface. 

The  addition  of  methanol  or  tetrahydrofuran  quenches 
the  chemiluminescent  reaction.  Light  emission  recurs,  however,  when 
water  is  added  to  the  darkened  reaction. 


.1^. 


Chemilumtnescence  Quantum  Yield  for  the  Reaction  of  9-Chlorocarbonyl-lO- 
methyiaerldlnlum  ChlorldTlill)  vlW Aqueous  Hydrogen  Peroxide.  -  A 
8.00  X  IC)^  molar  solution  of  "acridlnlum  salt  III  was  prepared  by  rapidly 
dissolving  0.00892  g.  In  $0.0  ml.  of  0.36  molar  aqueous  hydrogen  peroxide. 
A  3  ml.  aliquot  was  transferred  to  the  cuvette  of  the  radloneter-fliujri- 
meter^>®.  Bie  intensity  decay  rate,  spectral  distribution,  and  quant\im 
yield  were  determined  as  previously  described®:  Q.Y.  ■  9.6  x  10“3; 
half 'life  >  210  sec.;  max.  <»  4$0  n^. 


0.  Infra-red  AxMdysie  of  Reaction  of  Hytoogen  Peroxide 
and  9-ChlorocarTxaiiyl-lO-methylacrldlniun  Chloride  -  A  (0.16  M) 
solution  of  9-chloroearbonyl“10-methy2*erldinluB  chloride  was  made  by 
dissolving  70  og.  (0.2$  mole)  of  the  acridlniun  salt  in  1.26  g.  1,2- 
dlnethoxy  ethane  to  vhlch  10  drops  of  98^  hydrogen  peroxide  had  been 
added.  An  aliquot  was  then  used  to  fill  a  0.09  mm.  infra-red  cell.  A 
aeries  of  spectra  were  run  in  the  region  between  2000  cn."l  and  1600  cm. 
using  reference  cell  containing  the  glyne/peroxide  mixture.  The  data 
obtained  is  summarized  in  the  following  table. 


Absorption 

^  Acridlnlvm 

Time 

ijiJO  cm. '-i 

a 

1700  cm.  “J- 

a 

'  1720  em.’‘l 
b 

Acid  Chloride 

0  min. 

eat.  .7$ 

est.  >6$ 

100 

5 

.67 

.57 

.06 

09 

10 

.61 

.51 

.09 

82 

15 

.57 

.47 

.15 

76 

25 

.34 

.28 

40 

43-48 

45 

.07 

.05 

—60 

.9 

60 

.04 

.03 

5 

a  These  hands  were  used  to  measure  the  disappearance  of  the  9-cliloro- 
carbonyl-lO-raethylacridinium  chloride. 

h  Hils  bemd  seems  to  be  due  to  the  acid  derivative  of  the  acridinlum 
salt  rather  tnan  a  peracld.  The  formation  of  water  during  the  reaction 
intcrfoico  ■.•;ith  measui'ements  of  the  appearance  of  N-methylacrldone. 
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Reactlons  of  g-Chlorocarbonyl-lO-methylacrldlnlum  Chloride 
(III)  with  t-Butyl  Hydroperoxide  and  vlth  Perlaurlc  Acid  -  A  mixture  of 
0v05  g.  of  til  in  5  ml.  of  t-butyl  hydroperoxide  did  not  yield  any  oteerv- 
able  light  when  diluted  with  vateri  A  brief  light  emlaslon  was  produced 
when  1  ml,  of  20)6  sodium  hydroxide  was  added.  Further  dilution  with 
water  produced  a  weak,  steady  emission.  The  addition  of  a  few  drops  of 
50)6  sodium  hydroxide  to  this  solution  then  yielded  a  bright,  short-lived 
light. 


The  addition  of  about  0.05  g.  of  III  to  10  ml.  of  a 
tetrahydrofuran  solution  of  about  0.05  S*  perlaurlc  acid  did  not  produce 
an  observable  light  emission.  The  dilution  of  the  mixture  with  water 
yielded  a  medium  emission. 

Attempted  Preparation  of  the  Tertiary  Butyl  PeroiQ- 
Ester  of  9-Carboxy-10-met^iacrldinl\an  Chloride.  -  mthod  A  -  A 
solution  of  0.5  g.  (1.71  millimoles)  of  lO-methyl-9-chloroearbonyl 
aerldlnlum  chloride  in  10  ml.  of  anhydrous  tertiary  butyl  hydroperoxide 
was  heated  at  40*0  and  50  im.  pressure  for  30  minutes.  The  excess 
tertiary  butyl  hydroperoxide  was  then  removed  under  reduced  pressure 
provided  by  the  oil  pump.  The  solid  residue  was  washed  out  of  the 
reaction  flask  and  onto  a  Buchner  funnel  with  hexane,  washed  veil 
with  hexane,  dried  and  weighed  to  obtain  O.35  g.  (98^)  of  10-metbyl* 
9-acrldanone,  m.p.  198-200*  (Lit.  m.p.  201-203*0)  also  Identified 
by  comparing  its  infra-red  speotnun  with  that  of  an  authentic  sample. 

Method  B  -  A  aolution  of  0.135  8*  (1*71  millimoles)  of 
freshly  distilled  pyridine  in  5  nil.  of  freshly  distilled  anhydrous  glyme 
was  added  to  0,50  g.  (I.7I  millimoles)  of  lO-fflethyl-9-chlorocarboayl 
ncrldlnium  chloride  in  5  ml.  of  anhydrous  tertiary  butyl  hydroperoxide 
in  the  dork.  Only  the  weakest  perceptible  chenllumlnesoenae  was  observed. 
The  reaction  was  then  stirred  for  30  minutes  at  room  temperature.  The 
clear  solution  was  separated  from  an  oil  which  had  settled  out  by  de¬ 
cantation.  This  oil  was  identified  as  pyridine  hydrochloride  by  comparison 
of  its  infra-red  apeotrum  with  that  of  an  authentic  sample.  Addition  of 
50  ml.  of  hexane  to  the  clear  solution  precipitated  a  solid  which  was 
collected,  waohed  vlth  hexane,  then  dried  and  weighed,  to  obtain  0,34  g. 
(95^)  of  iO-methyl-9-acr.ldanone  as  identified  by  comparison  of  its  infra¬ 
red  opectruffl  with  that  of  an  authentic  samp.le. 

Attempted  Preparation  of  9-MBthoxy-9  Tertiary  Butyl  Peroxy 
Carbonyl-lO-Methylacridan.  -  A  3o.lutlon  of  0.5  g.  (l.Tl  mllllmoleB)  of 
9-chlorocerboryl-lO-methyiBcridlnlum  chloride  in  5  ml.  of  anhydrous 
tertiary  butyl  hydroperoxide  containing  0.l4  g.  (I.71  millimoles)  of 
freshly  distilled  pyridine  was  allowed  to  stand  at  room  temperature  for 
30  minutes  and  then  was  decanted  from  the  pyridine  hydrochloride  wUch 
had  formed.  Addition  of  5.3  ml.  (3*42  millimoles)  of  O.65  N  sodlur.. 
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methoxlde  In  methanol  produced  a  color  change  from  orange  to  colorless. 
Removal  of  by-product  sodium  chloride  by  filtration  and  evaporation  of 
the  methanol  solution  gave  an  off-white  solid  which  was  crystallized 
from  hexane  to  give  0.21  g.  (55^t)  of  9-methoxy- 9-oethoxycarbonyl-  10- 
methylacridan,  m.p.  1?0-151*C.  A  aecond  orystslUtation  from  hexane  gave 
an  analytical  aanplOj  m.p>  150-1^1*0* 

Anal.  Caled.  for  C2.7H17NO3:  C,  72*06)  H,  6.05J  N,  4,94. 

Pound:  C,  71.8Si,  H,  6,1SJ  H,  5.06. 

The  infra-red  spectrum  la  in  agreement  with  the  assigned 

structure . 

l^drolyala  of  9-Chlorooarbonyl-lO-met^lacridinlum  Chloride 
(III)  -  1.  Aliquots  of  a  solution  of  0.21  g.  of  III  in  2$  ml.  of  water 

were  tested  for  ehemlluminesoent  activity  with  hydrogen  peroxide  and  water 
at  Intervale  over  a  three  hour  period.  The  light  emission  was  still  bright 
after  90  minutes.  After  120  minutes  ths’-emlsslon  was  weaker.  The  oheml- 
lumlnesoent  activity  vun  completely  gone  after  I60  minutes. 

2.  The  products  of  the  hydrolysis  of  III  were  determined 
by  dissolving  0.4953  g.  of  III  In  100  ml.  of  water.  After  twelve  hours 
the  precipitate  was  collected^  dried,  and  weighed  to  obtain  O.205S  g. 

(575t)  of  lO-methylacrldone,  m.p.  201-203*.  Lit.  m.p.  201-203*.  The 
infra-red  spectrum  was  identical  to  that  of  an  authentic  sample. 

The  filtrate  was  evaporated  to  dryness,  and  the  solid  was 
dissolved  in  ethanol.  Addition  of  ether  caused  the  precipitation  of 
0.097  g.  (80^6)  of  9*carboxy-10-methylaeridlnlum  chloride,  identified  by 
compeurlson  of  its  infra-red  spectrum  with  that  of  an  authentic  sumple. 

C^^n  ^noxide  from  Reaction  of  9-C!hlorooarbonyl-9« 
methylacridlnlum  "Chloride  (hi)  with~water.  -  Evolved  gas  from  reaction 
of^s  nig',  of'  III  with  excess  water  was  swept  by  nitrogen  into  a  200  ml. 
syringe  until  reaction  was  complete.  Ihe  contents  of  the  syringe  were 
ejected  into  a  Idston  Becker  Oas  Analyzer  Model  15  for  carton  monoxide 
analysis.  The  yield  of  carbon  monoxide  was  34.3  mole  i>  of  the  III  charged. 

In  a  second  experiment  35  mg*  of  HI  was  reacted  with  1 
N  aqueous  sodium  hydroxide.  The  carbon  monoxide  yield  was  32  mole 

In  both  expei’lments,  the  CO  yield  is  probably  too  low. 

It  was  observed  that  some  of  the  evolved  gas  was  trapped  In  a  foam  at 
the  surface  of  the  liquid  phase. 
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SECTION  II 
PART  B 

New  Chemllualneecent  Compounda  Baqed  on  the  Oxalic  Add  Syatem 

An  tnvestie^tlon  of  tha  mecbanlam  by  which  ehenllunlneseenee 
la  produead  In  the  reaction  of  oxalyl  chloride  with  h5rdrogaQ  peroxide  In  the 
praaenoe  of  a  fluoreecar  (bob  Soctlon  l)  has  clsarly  issllcated  a  peroxy- 
oxolic  acid  ae  a  key  intermediate.  Indeed  a  number  of  peroxyoxalate 
derivatives  have  been  found  to  provide  chemllumlneacence  on  daooinpoaltlon®#3A#5»6, 
To  further  expand  our  understanding  of  this  general  ehemllumlneacent  prooeaa, 

VO  are  continuing  to  study  tha  atructural  reqLuirementa  hearing  on  chemi- 
lumlneacent  efficiency. 

Chenlluaineacant  ayatema  now  available  have  serious 
defects j  barring  many  uses  for  practical  lighting.  These  defects  include 
short  lifetimes,  difficult  operating  procedurea,  and  efficiencies  that 
approach  but  fall  short  of  the  efficiency  retiulred  for  a  broadly  practical 
system.  The  present  study  therefore  includes  an  initial  effort  to  provide 
new  chemiluminescent  systems  which  will  provide  long-lasting  light  on 
contact  with  air  or  water. 

The  short  lifetime  of  the  oxalyl  chloride -hydrogen  peroxide - 
fluoresceivu  >.  mpound  reaction  stems  from  the  rapid  reaction  between  oxalyl 
chloride  and  liydrogen  peroxide  as  well  as  from  the  rapid  decomposition 
rate  of  monoperoxyoxalic  acid,  the  key  chemiluminescent  intermediate. 

A  process  which  provides  monoperoxyoxalic  acid  by  a  slow  reaction  would 
necessarily  have  a  slow  overall  rate  and  a  long  lifetime. 
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A  general  reaction  class  which  might  provide  slow  and 
perhaps  adjustable  reaction  rates  leading  in  the  presence  of  a  fluoreacer 
to  long-lived  chemlluolnescence  la  shown  In  the  following  equation. 


ww 

HOCliB 

III 


Thua^  In  fonaula  I  the  groups  A  and  B  might  be  selected  so  as  to  provide 
slow  raaotions  with  hydrogen  peroxide  and  with  water*  The  preparation 
of  chenlluulnesoent  oontpounds  corresponding  to  formulae  II  and  III  is 
alee  a  possibility. 

A  preliminary  search  for  suoh  reactions  was  described  In 
the  last  report^.  Recent  exploratory  experiments  are  sunnarlzed  in  Table  I. 
Several  oxalic  anhydrides,  Lstvla  base  complexes,  esters,  linldes,  and  oxalic 
acid  Itself  were  screened  for  ohemllumlneseenee  in  the  presence  of  a 
fluoreacer  under  seven  standard  chemllumineBcenee  test  conditions.  As 
indicated  in  the  table,  promising  initial  results  were  obtained  from  the 
anhydrides  and  Lewie  baee  complexes  studied  as  well  as  from  diphenyloxalate. 
These  results  arc  discussed  in  more  detail  below.  Aliphatic  esters  and 
oxalic  amides  were  poorly  reactive  as  expected.  Weak  chemiluminescence 
was  observed  when  anhydrous  oxalic  acid  or  potassium  oxalate  was  reacted 
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TABLK  I 


(^alle  Acid 

Derivatives 

Tento.l  •>«* 

Chnnllunlnoacnncje 

TISJT  COimiTIOtE 

Jq) 

A 

(A) 

6 

(no 

c  y. 

(llgO*NC{*Gp)  (P*+0-^+/i-CHO 

y  5 

(113O3)  dVs' 

Anhydrides: 

0  0  0  0 

(CgB5)jC-e-0-t:-S.0-h.C(C5K5)j  (IV) 

Vl» 

w 

vr. 

VW 

vs 

vn 

(>  9  0  p 

CsBj-iJ-O-C-ft-O-C.CfitI, 

(V) 

None 

Itor.e 

None 

w 

vw 

r,t 

t! 

Lewi*  bMo-«xalyl  ahloriAo  ooiepJLs)(ei)i 

2C1" 

1,1  PCI* 

v 

p* 

vs 

i\jr  j 

r  ■*■  0  0  ♦ 

l(B-Bu)2.P.(].<!-P-(n-Bul 

M3 

1  Cl- 

0  p 

None 

None 

W 

vw 

Nona 

WH 

K3 

CjBj-S-C.d-O-CjHj 

fton* 

Non* 

Hon* 

Nona 

None 

VW 

u 

0  0 

CK^*0“C!*5-0*CR2 

Hoimi 

Kom 

Hod* 

Non* 

Non* 

Non* 

Hone 

0n3CII;.O<d-S-CUCIl3.CH3 

Non* 

Hon* 

vw 

Non* 

Nona 

Nona 

vw 

0  0 

(eH3)seH-o.fc.tf-o-on(cRj)j 

Hono 

Hone 

w 

Hon* 

Nona 

Non* 

w 

CgHj-t'-C-O-CIIg-OHj 

Hon* 

Hone 

H>nv 

Run* 

None 

Hon* 

w 

0  0 

{C^F5)jCR-0-C-fc-0-CU-(C5K3)p 

)lon» 

None 

None 

Nona 

Non* 

None 

None 

AKldcsi 

0  0 

RgU.c.e-mip 

Itono 

Hoi\t 

Hon* 

None 

None 

Nnns 

Don* 

a  a 

RjR'C'C-RHq 

Hon* 

None 

None 

Hon* 

None 

None 

Hon* 

0  P 

CjHj-im.fi.C-lffl.CgHj 

aoK 

Hon* 

None 

Norw 

None 

Mono 

Hone 

0  0 

m-i-C'ini 

Han* 

Hon* 

Hone 

None 

!ione 

Jtone 

Hone 

6 

0  c 

?5or.p 

None 

S^ho 

}3nnu 

J'onc 

Hone 

Ibne 

Heine 

Hone 

Va 

Tione 

l-one 

Uif-e 

Acll  and  raite: 
n  0 

HO-C-C-t‘'n  (nn>^iIro\m) 

:biio 

:3cr<- 

V-iHl' 

',*»•}*; 

’’o-r.c 

‘•■'ine 

0  0 

Ho-C-c-:H»rRpO 

?A>nK 

JJonc 

II  'nn 

Itono 

r’enc 

Tione 

KO-C-C-r+c 

!k>no 

JJonc 

‘bne 

’ier.p 

Itorc 

!Jri:p 

7..- 

K-.-C-C^'-K 

■  t-  '■n 

,, 
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FOOTNOTES  FOR  TABIB  I 


Teats: 

a)  Approximately  3-5  mg«  of  the  compoxind  to  he  tested  Is  added  to 
5  mlt  of  a  solution  of  about  1  mg.  9,10-dlphenylanthi*aeene  (DPA) 
in  paraffin  (ESSO  household  wax)  maintained  at  160-170*G. 

B)  Approximately  3-5  log*  of  the  compound  to  be  tested  is  added  to 

5  ml.  of  a  solution  of  about  1  mg.  DPA  aiid  5  mg.  AIBR  in  paraffin 
maintained  at  85-90*  under  argon  atmosphere. 

C)  Approximately  3-5  mg*  of  the  compound  to  be  tested  is  added  to 
5  ml.  of  a  solution  of  about  1  mg.  UPA  in  1^ '^-dimethoxycthane 
containing  5^  water  at  60-65*0.  About  5  mg.  Na^Og  is  added 
Immediately. 

D)  Approximately  3-5  mg.  of  the  compound  to  be  tested  is  added  to 
5  ml.  of  a  solution  of  1  mg.  DPA  and  0.2  ml.  C:!3S03R  in  1,2- 
difflsthoxyethane  containing  5^  water  and  maintained  at  60-65 *C. 

About  0.5  ml.  30^  HgOg  is  added  immediately. 

E)  Approximately  3-5  mg.  of  the  coinpound  to  be  tested  is  added  to 

5  ml.  of  a  solution  of  1  mg.  DPA,  and  5-10  mg.  AIBN  in  diphenyl- 
methane  malntedned  at  05-90*  under  an  oj^ygen  atmosphere. 

r)  Approximately  3-5  mg.  of  the  coinpound  to  be  tested  is  added  to 
5  ml.  of  a  solution  of  about  I  mg.  DPA  and  0.2  ml.  anhydrous 
HpOg  in  anhydrous  l,2-dlmetho3vethane  maintained  at  60-65'C. 

0)  Approximately  3-5  mg.  of  the  compound  to  he  tested  is  added  to 
,  5  ml.  of  a  slurry  of  1  mg,  DPA,  ^0.2  g.  KOH  (l  pellet)  and 
'  0.2  ml.  anhydrous  EjOg  in  anhydrous  1,2-dimethoxy ethane  main¬ 
tained  at  60-65 *C. 


Qualitative  intensities  are  based  on  the  oxalyl  chloride, 
hydrogen  peroxide  reaction  taken  as  strong  ( S) ,  Other  designations  are 
M  B  medium;  W  a  weak;  W  »  very  weak,  barely  visible. 
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wlth  sodium  peroxide  in  clj™®  (teat  O).  This  ohaervation  probably 
represents  the  detection  of  the  following  reaction. 

KOCCO"  +  NaOO"  — ^  [KO-^-^-OONa]  — >  "O^-doONa 

The  known  oxygen  exchange  of  oxalic  acid  is  believed  to  occur  by  a 
similar  mechanlam^'^. 

Anhydrides  of  Oxalic  Acid 

Tlie  two  mixed  anhydrides  of  oxalic  acid  prepared  and  tested 
BO  far  show  a  large  difference  in  cheinllumlaescence  properties  (Table  l). 
Compound  IV  undergoes  weak  chemiluminescent  reactions  on  thermal  decom¬ 
position  and  In  the  presence  of  oxygen  and  a  free  radical  initiator. 

Strong  chemiluminescence  Is  obtained  in  reactions  with  peroxides  at  various 
conditions.  Benzoic  oxalic  anhydride  (V)  alternatively  produces  significantly 
weaker  chemiluminescence  and  only  In  reactions  with  peroxides.  The  preparation 
of  other  oxalic  anhydrides  is  In  progress. 

(CgHj) 2C-§-0-§-?-0-§-C(C5H5) 3  CgHj-So-b-S-oScgHj 

TV  V 

The  reaction  of  triphenylaeetlc  acid  oxalic  acid  ordiydride  IV 
with  hydrogen  peroxide  produces  a  very  bright  chemilumlneBcent  light  for 
20-30  minutes  in  the  presence  of  either  9*10-dlphenylaiithracene  or  rubrene. 
Quantum  yield  measurements  are  in  progress.  The  presence  of  water  appears 
to  be  essential  for  chemiluminescence  at  least  when  traces  of  acid  are 
present.  Doth  ac'l  and  base  catalysis  improve  the  intensity  of  the  emitted 
light. 
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Organlc  hydroperoxides  and  peroxyoarboxylic  acids  as  well 
as  hydrogen  peroxide  give  chemiluminescence  on  reaction  with  anhydride  IV* 
Peroxides  tested  successfully  include  perbenzoic  acid,  benzoyl  peroxide, 
perlauric  acid  euid  t-butylhydroperoxide .  Di-t-butyl  peroxide,  as  expected, 
failed  to  produce  chemiluminescence. 

A  program  is  currently  imder  way  for  the  detailed  study 
of  the  above  reactions  of  trlphenylacetic-oxalic  anhydride  IV  and  the 
accompanying  chemiluminescence. 

Lewis  Base-Oxalyl  Chloride  Complexes 

Various  chemiluminescent  reactions  of  the  pyridine  complex 
of  oxalyl  chloride  have  been  reported  earlier^  including  Ita  themoeheml- 
luminescence,  oxygen  promoted  chemiluminescence  and  Ita  chemllumlneecent 
reaction  with  aeveral  peroxides.  Reaction  of  the  pyridine  complex  with 
hydrogen  peroxide  and  a  fluoreaeer  provides  a  bright  flash.  Attempts  to 
tneaaure  the  quantum  yield  in  l,2-dlmetho:y ethane  have  failed  because  of 
the  short  lifetime*  Other  solvents  like  dlmethylphthalate  may  slow  down 
the  reaction  enough  to  permit  the  measurement. 

To  broaden  the  scope  of  the  chemiluminescent  reaction  of 
the  pyridine  complex,  attempts  were  made  to  prepare  complexes  of  oxalyl 
chloride  with  other  Lewis  bases.  Preparation  of  a  S:1  complex  from  trl- 
butylphosphlne  and  a  1:1  complex  from  trlphenylplioaphine  have  been  successful. 
Attempts  to  prepare  and  isolate  pure  complexes  from  trlethylamlne,  hexa- 
methylphosphoramlde,  and  hcptamethylisobiguanide  have  not  been  successful. 

The  oxalyl  chloride -phosphine  complexes  were  found  to  provide  chemiluminescence 
on  reactions  with  a  variety  of  peroxides  (Table  II),  although  only  reactions 
with  hydrogen  peroxide  have  provided  strong  Intensities.  The  reaction 


lifetimes  nre  short 
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TABLK  11 

ChemllumlneBcenoe  of  the  Lewie  Bnse- 
_ Oxalyl  Chloride  Astern _ 


_  _  COMPLEX  _J 

B 

1  .  .  C 

« 

Order  of  Addition 
to  Solvent 

Petroleum 

ether 

Qlyme 

Glyme 

Petroleum 

ether 

Glyrae 

1.  Water 

2 .  Complex 

None 

None 

2.  Complex 

S 

S 

MS 

NO 

MS 

1.  9<^  IlpOa 

2.  Complex 

s 

S 

MS 

MS 

MS 

1.  Peroxytenzoic  acid 

2.  Complex 

Ifone 

1.  Benzoyl  peroxide 

2.  Complex 

None 

1.  Peroxylauric  acid 

2.  Complex 

W 

W 

W 

W 

VW 

1.  t-Butyl  liydroperoxide 

2.  Complex 

None 

W 

■  VW 

V\4 

None 

1.  dl-t-Butyl  peroxide 

2.  Complex 

None 

None 

2*  Complex 

VW 

w 

None 

W 

1.  Complex 

2.  Anhydrous 

CJ 

Hote :  Tests  were  carried  out  in  the  follovine  manner.  To  5  ml.  of 
the  test  solvent  cojitalrilnR  1  iri;.  3,10-<llphenj-lanthracene  was 
odled  approximtely  15  nvi*  P'-roxiie  and  approxlmntely  3  me.  of 
complex. 


Eaters  of  Oxalic  Acid 
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Ab  Indicated  in  Table  I,  the  chemiluminescence  of  the  tested 
oxalic  estera-hydrogen  peroxide  reactions  is  substantially  weaker  than  that 
of  the  anhydrides  or  Lewis  base  complexes.  Diphenyloxalate  proved  to  be 
more  strongly  chemiluminescent  than  primary,  secondary  or  tertiary  alkyl 
oxalates.  Therefore,  the  thiophenol  ester  of  oxalic  acid  was  prepared 
and  van  evpectert  to  yield  the  neroxyoxalic  acid  intermediate  even  more 
readily  than  diphenyloxalate.  However,  the  chemiluminescence  of  the  thio 
compound  was  proved  to  be  inferior  possibly  because  the  produced  thiophenol 
may  act  as  a  radical  inhibitor  for  the  deeorapoeitlon  of  the  peroxalate 
chemiluminescence  intezmiediate. 

Co-ordinated  Oxalates 

Although  large  percentages  of  water  may  be  tolerated  In 

certain  cases,  most  of  the  oxalic  acid  based  chenllumlnescenae  systems 

function  best  in  organic  solvents.  A  possible  way  to  achieve  on  aqueous 

system  might  be  the  use  of  water  soluble  co-ordinated  oxalates.  These 

oxalates  are  known  uo  exchange  oxygen-l8  rapidly  using  both  basic  and 
12 

acidic  conditions  ,  indicating  the  posBiblUty  that  reaction  with 
tiydrogen  peroxide  might  give  monopbroxyoxallc  nctd  and  chemiluminescence. 

Two  co-ordinated  oxalates  were  prepared:  potassium  tri- 
oxalato  chromium  trlhydrate  (K3Cr(Cg04)3.3H20  and  potassium  trioxalato- 
alurainum  trihydrate  K2Al(C204)3*3H20.  Both  of  these  compounds  reacted 


with  hydrogen  peroxide  in  water,  or  aqueous  glyme  under  acidic  conditions 
and  formed  gaaeoua  products,  but  chemllumlneBcence  was  not  observed.  The 
fluoreseer  in  these  experiments  was  a  mixture  of  sodium  fluorescein  and 
9 ,10-dlphei^lanthraoene. 

Polyoxallc  Acid 

To  examine  the  possibility  that  polyoxallc  acid  might 
decompose  by  a  concentrated  multiple  bond  cleavage  mechanism  and  thereby 
provide  chemiluminescent  emission  In  the  presence  of  a  fluoreseer,  several 
reactions  were  carried  out  between  oxalic  acid  and  oxalyl  chloride. 

00  00  Op 

Cicdci  +  HOdc'OH  - >  Hfodt^OH 

00  F 

Hfodil^OH  - >  HsO  +  COfj  +  CO  +  F* 

vihen  freshly  sublimed  anhydrous  oxalic  acid  was  reacted 
with  oxalyl  chloride  in  tetrahydrofurun  in  the  presence  of  rubrene,  a 
weak  emission  was  observed.  The  use  of  oxalic  acid  dlhydrate  under  the 
same  conditions,  however)  produced  a  substantial  chemiluminescent  emission 
accomi)anled  by  extensive  gas  evolution.  This  Increase  in  emission, 
accompanied  by  gas  evolution,  also  occurred  when  water  was  added  one 
minute  after  a  tetrahydrofuran  solution  of  anhydrous  oxalic  acid  and 
oxalyl  chloride  were  mixed.  This  brightened  emission  was  not  observed 
when  5  minutes  elapsed  between  the  Initial  mixing  and  the  addition  of 
water.  A  neat  mixture  of  the  two  reactants  showed  no  sign  of  reaction, 
even  after  heating  to  reflux,  until  tetrahydrofuran  was  added;  whereon 
the  acid  dissolved  and  a  substantial  amount  of  gas  was  evolved. 
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Thlo  new  chemiluminescent  reaction  between  oxalyl  chloride, 
oxalic  acid,  and  water  in  the  presence  of  a  fluorescer  is  of  substantial 
interest  in  that  a  peroxide  is  not  Involved.  While  the  effect  of  water 
is  not  yet  understood,  the  results  are  in  prellminaiy  agreement  with  the 
original  concept  of  concentrated  multiple  bond  cleavage  deeojupoaitlon  of 
a  polyoxalic  acid.  Mditional  studies  are  planned. 
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gj5(:TioN_iiB 

EXPERIMENTAL 


Blatrlphenylacatlc  acid  oxalic  acid  ai^hydrlde 

Trlphenylacetlc  acid  (2.889  e*>  0.01  mole),  and  potaaaluia 
hydroxide  (0.6  g.,  0.01  mole)  vore  added  to  300  ml.  absolute  ethyl 
alcohol  In  a  500  ml.  one  neck  flask  and  dissolved  by  bol-llng.  Hie 
coluticr.  ’.'“2  cooled,  and  concentrated  to  a  volume  of  30  ml.  In  vacuo. 

A  v/hlte  precipitate  appeared  and  was  filtered  and  dried  In  a  nitrogen 
atmosphere  to  obtain  3.0  g.  vhlte  potassium  trlphenylacetate.  Three 
grams  of  the  acetate  was  slurried  In  100  ml.  dry  benzene  In  a  200  ml. 
round  bottom  flask.  Approximately  50  ml.  benzene  vas  distilled  and  the 
condensate  vas  chocked  to  assure  the  complete  removal  of  water  from  the 
synten.  The  remaining  slurry  was  cooled  to  room  temperature  under  an 
argon  atmosphere.  Oxalyl  chloride  (I.U8  ml.,  0.015  mole)  was  added  and 
the  mixture  \;aQ  stirred  15  minutes.  The  mixture  was  filtered  to  remove 
0.9  6«  solid,  mostly  potassium  chloride  (by  IR),  under  an  argon  atmos¬ 
phere  using  an  oil  pump.  'Rie  filtrate  was  evaporated  to  dryness  with 
the  use  of  a  vacuum  pump.  The  white  residue  (I.9  6056  yield) 

vms  Identified  hy  infra-red  analysis  as  the  desired  anhydride  and  ^fas 
subjected  to  microanalysis  after  repeated  washings  with  anhydrous  ether. 
The  material  melted  at  167-168*. 

Anal.  Calcd.  for  Ci,pH3Q0g!  C,  79.90j  H,  4.79)  0,  15.28 

Found!  C,  78.55)  H,  4.92)  0,  15.37. 

Dlbenzolc- Oxalic  Anliydrlde 

Solid  sodium  benzoate  (7-2  g,  0.05  mole)  was  added  to  a 
solution  of  12.7  g.  (0.1  mole)  of  oxalyl  chloride  In  100  ml.  of  anhydrous 
ethyl  acetate  during  45  minutes.  Hio  reaction  was  heated  at  70-73“C 
for  3  hours  and  filtered  to  obtain  2.9  g.  (lOf«t)  of  NaCl.  Evaporation 
of  the  filtrate  gave  a  white  solid  which  appeared  to  be  a  mi.xture  by 
infra-red  .spectroscopy.  The  solid  was  extracted  with  holllng  hexane  to 
give  a  hexane  insoluble  solid  which  had  an  infra-red  spectrum  which  was 
in  a(p.’eeinunt  with  that  for  the  expected  product.  Benzole  acid,  2.0  g. 
(3^',’'’)  (m.p.  119-121“;  lit.  m.p.  122“)  was  obtained  from  the  hexane  extract. 
Tlie  hexane  ln.solublc  material  wa,s  cry-stalllzed  from  ethyl  acetate-hexane 
to  obtain  2.2  g.  (3;?;,)  of  material  of  m.p.  93-99 “C. 
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Anal.  Calci.  for  64.1+3; 


H,  3-38;  0,  32.19- 


Found:  C,  64.19;  H,  3-35; 


0,  32.38. 


On  ilsoolvlnB  a  portion  of  the  material  In  hot  water  gas 
van  evolved  and  benzole  acid  (m.p.  121-122®,  lit.  m.p.  122®)  me  deposited 
from  the  solution  on  cooling. 


Dlphenylmethyl  oxalate 

To  a  solution  of  1.84  g.  (0.01  mole)  diphenyl  earblnol  and 
n.m  mole  pyridine  In  200  ml.  freahlv  distilled  l,2-dln'.etho:wethane  In 
a  300  ml.  round  bottom  flask,  0.46  ml.  (O.OO5  mole)  oxeyl  chloride  was 
added  vfhlle  the  solution  was  strongly  agitated.  After  20  minutes  the 
precipitate  was  filtered  and  v&ahed  repeatedly  with  water  and  dried  to 
obtain  1.7  G*  (8l?i  yield)  of  the  product.  The  product  was  recrystallized 
from  benzene  to  obtain  material,  m.p.  142-143*. 


Dlthiophenol  eater  of  oxalic  add 


A  procedxire  Identical  to  that  above  for  dlphenylmethyl 
oxalate  was  used  to  give  an  80^  yield  of  the  desired  product,  m.p. 

122-123®. 


0,  11.66. 
0,  11.12. 


Calcd.  for  C14H10S2O2!  C,  6l.20j  H,  3.68;  3,  23.38; 

Found;  C,  6I.87J  H,  3.90i  S,  22.83; 


2;1  Tributylphosphine-Oxalyl  chloride  Complex.  -  A  solution  of  1.0  g. 
(o.bo'5  moieal  of  trlbutylphosphlne  in  25  ml.  dry  petroleum  ether  was 
added  during  10  minutes  to  a  stirred  solution  of  0.3  G.  (0.0025  moles) 
of  oxalyl  chloride  in  25  ml.  dry  petroleum  ether  at  0®  under  argon.  The 
reaction  mixture  m&b  stirred  l/2  hour,  then  the  solvent  was  removed  under 
vacuum  (without  applying  external  heat)  to  obtain  approximately  1.0  g. 
(77^)  of  yello;/,  eeml- solid  product  whose  Infra-rccl  spectrum  is  In  agree¬ 
ment  v.-lth  that  expected  for  the  desired  prodect. 

1:1  Trlphenylphpsphlne-Oxalyl  chloride  Complex.  -  A  solution  of  0. 3  g. 
to. 0025  molesT  of  oxalyl  chloride  in  50  ml.  dry  petroleum  other  was 
added  during  15  minutes  to  a  stirred  solution  of  I.3  g.  ( 0.005  moles) 
of  trlphcnj'lphosphlne  In  100  ml.  dry  petroleum  ether  at  0®  under  argon. 
The  reaction  mixture  van  stirred  1  hour,  then  the  precipitated  material 
-..•an  collected  by  filtration  to  obtain  0.7  g.  (43.7^)  of  product,  whoso 
infra-red  spcctnun  Is  in  agreement  \.-ith  that  expected  for  the  1:1  complex 
of  trlphenylphosjhlne  and  oxalyl  chloride. 
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Attcniitcd  Syntheslo  of  Oxalyl  chloride  Complexea.  -  Attempted  preparations 
of  complexea  of  oxalyl  chloride  v;lth  hexamethyl-phosphoramlde,  trlethyl- 
amlne,  and  heptamothylisohicuanlde  according  to  the  general  procedure  above 
used  for  the  preparation  of  the  phosphine  complexes  did  not  yield  products 
in  any  appreciable  amount. 

Potaaaium  trlBoxalatochromlum  trihydrate-  and  potassium  trioox^gtoaltmlnum 
tr'iKydrate-  were  prepared  according  to  llteratxire  procedures . 

Acid  and  Oxalic  Chloride  Reactions 

1.  The  oddiulon  of  £5  ird..  of  a  IM  solution  of  oxalyl 
chloride  in  tetrahydrofuran  to  25  ml.  of  IM  solution  of  anhydrous  oxalic 
acid  in  tetrahydrofuran,  in  the  presence  of  rubrene,  produced  a  weak 
light  emlBslon. 


2.  This  experiment  was  repeated  using  oxalic  acid  dihydrate 
instead  of  the  anhydrous  acid.  A  bright  emlaslon  resulted  folloved  by 
vigorous  gas  evolution.  This  experiment  was  repeated  using  9|10>diphenyl- 
anthraoene  as  the  fluorescer  with  similar  results. 

3.  Addition  of  sublimed  anhydrous  oxalic  acid  to  pure 
oxalyl  chloride  produced  no  Indication  of  reaction  even  after  heating  to 
reflux.  The  addition  of  tetrahydrofuran  to  the  mixed  caused  the  acid  to 
dlasolve.  A  eubotantlel  amount  of  gas  was  also  evolved. 

When  2.5  ml.  aliquots  of  the  IM  tetrahydrofuran  solutions 
of  anhydrous  oxalic  acid  and  oxalyl  chloride  werc~mlxed  in  the  presence 
of  9;10-dlphi!nylanthracene  a  weak  emission  was  observed.  Within  one  minute 
of  the  initial  mixing  water  was  added,  causing  a  rapid  evolution  of  gas 
and  a  strong  blue  emission.  This  experiment  was  repeated  with  a  5  minute 
lapse  between  mixing  and  water  dilution.  There  was  no  second,  brighter 
emission. 

Phenyl  Oxalate 


A  solution  of  25.1».  g.  (0.2  mole)  of  oxalyl  chloride  in 
50  ml.  of  ether  was  added  during  30  minutes  to  a  solution  of  37.6  g. 

(O.t  mole)  of  phenol  In  200  ml.  of  ether  containing  60  ml.  (O.hU  mole) 
of  tri ethyl  amine.  After  standing  overnight,  the  reaction  mixture  \ms 
filtered.  The  collected  solid  was  washed  thoroughly  with  water  and  dried 
over  PpOc  under  reduced  pressure  to  obtain  25*6  g.  (53^6)  of  phenyl  oxalate, 
m.i-.  133-13*^°  (Lit  m.p.  13J+*). 
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SECTIOM  n 
PART  C 

Bacploratory  Teats  for  Mev  Chemllunineflcent  Reactions 

The  chemilumlneacenee  tests  originally  estshUshed  for  the 
screening  of  oxalic  acid  derivatives  vers  used  to  evaluate  other  readily 
available  compounds.  Over  sixty  per  cent  of  the  compounds  selected  for 
test  have  provided  visible  chemiluminescence.  The  resxuts  are  sunnarized 
in  Table  I.  Two  new  systems  were  found  to  provide  high  enough  intensities 
auid  long  enoiigh  lifetimes  to  Juatliy  further  study. 

Tetraoyanoethylene  (tcme)  Chemllumlnesoenee 

A  moderately  strong  long  lived  ohemllumlnesoenoe  Is  produced 
on  mixing  TCREi  anhydrous  hydrogen  peroxide  and  a  strong  base  in  presenee 
of  a  fluorescer  In  glyme  aolutlon.  Little  la  known  about  this  raaotion 
as  yeti  The  main  products  include  eyonates,  earbonatea  and  bicaAonates, 
and  imall  amounts  of  cyanide. 

Chemllumlnesoent  light  is  emitted  by  azy  order  of  mixing 
of  the  reagents.  Either  9«10-'dlphenylanthracene  or  rubrene  may  be  used 
as  a  fluorescer.  The  intensity  of  the  chemiluminescent  light  increases 
with  time  to  a  maxlmiun  In  about  5-7  minutes  and  diminishes  slowly 
afterward. 

Trlchloroacetyl  Clilorlde  ChealluiiilneBcence 

A  medlvBD  strong  chemiluminescent  light  is  produced  for 
5-10  minutes  on  mixing  trichloroacetyl  chloride  with  anhydrous  hydrogen 
peroxide  in  the  presence  of  9AO-dlphenylanthraoene  in  1,2-dimethoxyethane. 
The  chemiluminescence  Is  significantly  Improved  by  the  addition  potassium 
hydroxide  or  potassium-t-butoxide.  The  reaction  is  presently  being 
investigated. 
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FOOTWOTES  FOR  TABLE  I 


Testa: 

A)  Approximately  3-5  nigli  Of  the  compound  to  be  tested  Is  added  to 

^  mil  of  a  solution  of  about  1  mgt  9>10-dlphenylanthrmcene  (DPA) 

In  paraffin  (ESSO  household  vax)  maintained  at  l6o-170*C. 

B)  Approximately  3-5  me*  of  the  eonpousd  to  be  tested  la  added  to 

5  ml.  of  a  solution  of  about  1  mg*  DPA  andrw  5  mg*  AIBM  In  paraffin 
maintained  at  65-90*  under  argon  atmosphere. 

C)  Approximately  3-5  mg*  of  the  compound  to  be  tested  is  added  to 

5  ml.  of  a  solution  of  about  1  mg.  DPA  in  li^-dinethoxyethane  ' 
containing  ^  water  at  60-65  *C.  About  5  >B8*  is  added 

immediately. 

D)  Approximately  3-5  mg.  of  the  compound  to  be  tested  Is  added  to 
5  ml.  of  a  solution  of  1  mg.  DPA  and  O.S  ml*  CHoQOgR  In  1,S- 
dlmethojQrethane  oontalnlng  5^  water  and  maintalfied  at  60-65*C* 

About  0*5  ml*  30^  is  added  limedlately* 

E)  Approximately  3-5  mg*  of  the  oonjpound  to  be  tested  Is  added  to 

5  ml.  of  a  solution  of  1  mg*  DPAf  and  5-10  mg*  AIBN  In  diphenyl- 
methane  maintained  at  85-90*  under  an  oxygen  atmosphere* 

F)  Approximately  3-5  mg*  of  the  compound  to  be  tested  Is  added  to 
5  ml.  of  a  solution  of  about  1  mg.  DPA  and  0*2  ml*  anhydrous 
UqOq  in  anhydrous  lf2-dlmethoxyethane  maintained  at  60-65*C* 

0)  Approximately  3-5  mg.  of  the  compound  to  be  tested  Is  added  to 
5  ml*  of  a  slurry  of  1  mg.  DPA,  /^0.2  g.  KOH  (1  pellet)  and 
0.2  ml.  anhydrous  RsOn  In  anhydrous  l,2-dlmetho]^ethans  maintained 
at  60-65*0.  ■  ^ 


Qualitative  intensities  are  based  on  the  oxalyl  chloride, 
liydrogen  peroxide  reaction  tahen  as  strong  (S).  Other  designations 
are  M  >  medium.;  \^  m  weak;  VW  ■  very,  barely  visible* 
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